The study highlights the effectiveness of nanoscale zero-valent iron (nZVI) composite in removing Acid Orange II dye. In this study, granitic residual soil has been used as supported material to stabilize the nanoscale zero-valent iron (nZVI) and to improve its adsorption capacity. The physical, chemical, mineralogical and morphological properties of the successfully synthesized granitic nano zero valent iron (GrnZVI) have been analyzed by Brunnaer-Emmett-Teller (BET) surface area, X-ray Photoelectron Spectroscopy with Auger Electron Spectroscopy (XPS-AES), Field Emission Scanning Electron Microscopy (FESEM), and X-Ray Diffraction (XRD). The batch adsorption tests for the granitic residual soil (Gr) and the granitic nanozero valent iron (Gr-nZVI) on Acid Orange II have been conducted to determine the effectiveness of both materials in dye removal. The five effects analyzed in the Batch test are concentration, dose, pH, kinetic and temperature. It was found that Gr-nZVI has higher absorption capacity compared to Gr. The effectiveness of Gr-nZVI composite in dye adsorption is due to the dispersion of nZVI particles on granitic soil particles, consequently providing more sites for adsorption. The results suggest that Gr-nZVI has potential as low-cost adsorbent for Acid Orange II removal from synthetic dye wastewater.
REMOVAL OF ACID ORANGE II DYE BY GRANITIC NANO-ZERO VALENT IRON (nZVI) COMPOSITE INTRODUCTION
Huge amount of residual dyes from textile, tannery, paper, printing, paints, rubber and plastic industries are released to the environment and it would contaminate water and soil due to its toxicity and degradability [1] [2] . Textile residual dye are highly resistant to light, pH and microbial attack render it existence in the environment for a longer period of time [3] . To overcome this environmental problem, material from nano zero valent iron (nZVI) are suggested to remove the residual dye. Recently, nZVI has been extensively studied for remediation and waste water treatment [4] [5] [6] [7] . The nZVI are chosen due to its potential to decolorize azo-dyes rapidly without further treatments [8] . The nZVI also enhanced reactivity by increasing the surface area and volume ratios thus providing more reactive surface sites [4] . However, there are disadvantages of using nZVI because it has strong tendency to agglomerate into larger particles resulting in diminishing reactivity, and such condition in the treatment system are uneconomical due to the generation of secondary iron pollution [4] . To address this problem, composite nZVI has been proposed to stabilize the nZVI particles onto various supports. In this study, Gr-nZVI has been synthesized via chemical reduction method by using Ferric Chloride Tetrahydrate, FeCl3.6H2O and Sodium Borohidrat, NaBH4. The adsorption capacity of Gr-nZVI in by Batch test.
MATERIALS AND METHODS

Materials
The granitic residual soil (BGR) from Broga, Selangor was used in this study. Acid Orange II was supplied in solid state with high purity (wt.% 99.9%) from Tianjin Yuhua Co., China. Chemical such as Ferric Chloride Tetrahydrate, FeCl3.6H2O (Acros organics, 99 +%), Sodium Borohidrat, NaBH4 (Acros organics, 98 +%) and Ethanol C2H6O (Fisher Scientific, 99.4%) were used in this analysis.
Synthesizing nZVI Composite
The granitic nano zero valent iron (Gr-nZVI) composite was synthesized by using chemical reduction method [9] [10] . Ferric chloride solutions were prepared by mixing 4.38g ferric chloride tetrahydrate with 50 ml mixture of ethanol and deionized water (35ml ethanol + 15ml of deionized water). Granitic residual soil was added to ferric chloride solution and the mixture was shaken using ultrasonic shaker for 30 minutes. An amount of 6.091 g sodium borohydride were dissolved in 100 ml deionized water to produce NaBH4 solutions. The NaBH4 solutions were pipetted and were dropped (1 drop/ 2 seconds) into ferric chloride solution on a magnetic stirrer. The mixture was stirred for 20 minutes after the last dropped of NaBH4. The black particles of Gr-nZVI composite were filtered and were washed three times with ethanol (50ml). The Gr-nZVI composite was oven dried at 50 o C for approximately 12 hours.
Characterization of nZVI Composite
The physical characterization of granitic residual soil, Gr and Gr-nZVI composite were analyzed using Brunaer-Emmett-Teller by N2 desorption method to determine the specific area of particles. Chemical characterization was conducted by means of X-ray photoelectron spectroscopy and Auger Electron Spectroscopy (XPS-AES) to measure the surficial chemical composition and elements valence of particles. The morphology and mineralogy of the particles were characterized by Field Emission Scanning Electron Microscope (FESEM) and X-ray Diffraction (XRD). FESEM was performed by using Merlin Compact Supra 55VP where it was utilized the sound pulses transmitted through a particle suspension to determine the properties of the suspended particles [11] . Besides, XRD patterns for Gr and Gr-nZVI composite were also determined by Bruker/D8 Advance with a high-power Cu-Kα radioactive source at 40kV/40mA.
Batch Test
The test was performed to study the removal of Acid Orange II using nanoparticles (nZVI) composite. Batch test method was reported by [12] . Gr and Gr-nZVI were prepared by passing tne materials through 63µm sieve. Acid Orange II solution was prepared with 7 different concentrations, the 5 mg/L, 20 mg/L, 40 mg/L, 60 mg/L and 100 mg/L. To perform this test, 0.5 g of Gr-nZVI with 50 ml of Acid Orange II (1:100 ratio soil/solution) were mixed in centrifuge tubes. The mixture samples were shaken at 150 RPM for 3 hours to attain their equilibrium [13] . After shaking, mixture samples were centrifuged at 1500 RPM for 15 minutes and filtered through 45 µm nitrocellulose membranes. The solutions were analyzed using UV-VIS Spectrophotometer (UV1201).
There are 5 effects in Batch test were analyzed including concentration, dose, pH, kinetic and temperature. To determine the optimum dosage, different dosage of materials (0.03 g, 0.05 g, 0.07 g, 0.1 g, 0.3 g, 0.5 g, 0.7 g, and 1.0 g) was used. The concentration of Acid Orange II absorbed by particles, qe was calculated using the formula as follows;
Where; Co and Ce representing initial concentration and equilibrium concentration respectively (mg/L), V is volume of solution added (ml), M is mass of air-dried material (g)
RESULTS AND DISCUSSIONS
Characterization of Nanoparticles (nZVI)
Composite Table 1 showed the result of specific surface areas (BET) for Granite residual soil (Gr) and granitic nZVI composite (Gr-nZVI). Gr showed higher surface area (14.1724 m²/g) compared to Gr-nZVI (6.7619 m²/g). Gr also showed higher pore volume (0.0484 cm³/g) compared to Gr-nZVI (0.0298 cm³/g). The results indicated that pores in the granitic residual soil were filled with added nZVI particles [14] [15] . The larger surface area led to more uniform distribution of nZVI particles on the appropriate clay [16] . Figure 1 and Figure 2 showed the X-ray photoelectron spectroscopy and Auger Electron Spectroscopy (XPS-AES) spectrum of Gr and GrnZVI. As displayed in Figure 1(a) , Fe, O, C, Si and Al were found on the Gr surface while Na, Fe, O, C, B, Si and Al were distributed on Gr-nZVI surface. Na and B were expected to be present as NaBH4 was used to synthesize Gr-nZVI [9] . To confirm the occurrence of Fe, the XPS-AES spectrum of the Fe 2p were displayed in Figure 1 (igneous rock) composed of various minerals including quartz, potassium and plagioclase feldspars, crystalline iron-bearing minerals (commonly amphibole and magnetite), and micaceous minerals [17] . According to [9] , the peaks at 719.7 eV (Fe0 2p1/2) corresponding to zero valent iron .
The morphologies of Gr and Gr-nZVI described by SEM and FESEM. Figure 3 shows the SEM image for Gr where it contained kaolinite, illite and halloysite minerals. Kaolinite was indicated by its well sheet shape while illite has unorganized sheet shape. Halloysite was identified by rod shape overlaid kaolinite minerals. These results were in agreement with report by [18] . Figure 4 shows FESEM image where the existence of nZVI can be observed. The nZVI particles has spherical shapes and aggregated into a chain-like [19] [20] on granitic soil surface. According to [21] , aggregations of nZVI was due its huge interface energy and magnetic property. The nZVI particles size were in the ranged of 54.75 nm to 71.46 nm. The X-ray Diffraction (XRD) patterns for Gr and Gr-nZVI were presented in Figure 5 . Gr in XRD pattern consisted of kaolinite, identified through peak of 2.55Å and 3.55Å. Illite was identified by the peak of 4.47Å and halloysite was identified by 3.62Å peak. Gr-nZVI showed that the kaolinite, illite and halloysite minerals were remained on the soil particles after synthesizing process. In Gr-nZVI, small peak at 2θ = 44.9° corresponded to the formation of zero valent iron [7] , [9] . 
Batch Test
Batch test was conducted to determine adsorption capacity of the materials (Gr and Gr-nZVI). Figure 6 showed the adsorption of Acid Orange II by absorbent materials (Gr and Gr-nZVI) in different dosage. The results showed that, the adsorption capacity for both materials (Gr and GrnZVI) were decreased with the increase of adsorbent materials. According to [22] , such condition was due to the overlapping of adsorption sites, rendering it overcrowded with adsorbent particles. The curve also depicted the Gr-nZVI adsorbed more dye than Gr. The equilibrium concentration after adsorption for Gr-nZVI and Gr was 5.3284 mg/g and 3.3800 mg/g respectively. According to [9, [23] [24] , higher adsorption capacity of Gr-nZVI was due to larger specific area and the availability of more adsorption sites to accelerate initial reaction. The optimum absorbent dosages was 0.5 g and further experiments were carried out using this dose.
Dose Effect
Concentration Effect
The effect of initial concentration of Acid Orange II was investigated in the ranged of 5 mg/L to 100 mg/L and was presented in Figure 7 . Based on its higher adsorption capacity, the Gr-nZVI proved as better adsorbent compared to Gr. The result also showed that the adsorption capacity increased with the increasing of initial concentration until at one point it became constant although the initial concentration was increased.
For Gr-nZVI, at initial concentration of 40 -100 mg/L, the graph was constant, indicating the saturated Gr-nZVI surface no more dye or metal ions can be adsorbed [25] . The optimum metal concentration was determined as 40 mg/L. 
pH Effect
The effect of pH on the adsorption of Acid Orange II by Gr and Gr-nZVI were shown in Figure 8 with initial dye concentration of 50 mg/L and absorbent dosage 0.5g. From the graph, in all pH conditions, Gr-nZVI showed higher adsorption capacity (qe pH2= 5.3284 mg/g) compared to Gr (qe pH2= 3.0288 mg/g). The Gr-nZVI graph was constant suggesting that its adsorption capacity was not affected by pH values. However, according to [26] , the maximum adsorption for DR23 and DR80 (anionic dye) was at pH 2. This was due to the strong electrostatic attraction between positively charged surface of the adsorbent and the anionic dye. As pH of dye increased, negative charged sites were also increased. Negative charged on the adsorbent's surface site did not favored the adsorption of ionic dye due to electrostatic repulsion. Gr curve showed the decreased of adsorption capacity with the increased of pH values. At higher pH, there was competition adsorption between OH -ions and anionic resulting lower adsorption capacity [26] , [27] . Figure 9 shows the adsorption kinetics of Acid Orange II on Gr and Gr-nZVI. Both curves showed higher adsorption at the beginning and remained constant (reached equilibrium) after 5 minutes. A similar trend reported by [22] . According to [28] , rapid phase was due to the presence of large number of vacant sites, which led to increase in concentration gradient between dye solution and adsorbent surface. The equilibrium time also depended on dye initial concentration. The lower dye initial concentration, the shorter the equilibrium time interval [28] . Gr-nZVI also showed better results in adsorbing Acid Orange II compared to Gr. Gr-nZVI provided both mineral and nZVI particle surfaces to adsorb dye. As reported by [4] , the core shell of nZVI possessed hydroxyl groups when it was interface with dye solution and it has their own capability to immobilize sorbate molecules by surface complexation. The nZVI core also formed an electron where it could reduce Acid Orange II. Fig.9 Effect of kinetic in adsorption capacity of Gr and Gr-nZVI
Kinetic Effect
Temperature Effect
To understand the temperature effect of Acid Orange II on Gr and Gr-nZVI, the experiments were carried out at 30, 40, 50 and 60 •C with dye concentration of 50 mg/L and adsorbent dosage 0.5g. The results were displayed in Figure 10 . Gr curve showed that dye adsorption capacity was increased with increasing of temperature. Similar results were reported by [23] . For Gr-nZVI, the curve was constant, and the adsorption capacity higher compared to Gr. The results showed that temperature effect did not give any significant effect on Gr-nZVI sample. Gr-nZVI provided both mineral and nZVI particles surfaces for greater adsorption sites compared to Gr. The findings suggesting the stability of Gr-nZVI towards temperature effects and proven as better materials for water treatment in the natural environment. 
CONCLUSIONS
In this study, Gr-nZVI was proven as better materials in adsorbing Acid Orange II compared to Gr. Based on Batch test, Gr-nZVI was stable in all effects tested including concentration, dose, pH, kinetic and temperature effects. Since Gr was lowcost material and easily obtain, Gr-nZVI was chosen as remediation material to remove Acid Orange II and other anionic dyes in wastewater.
